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ABSTRACT 
 
Nowadays, there are many researches that include high temperature of combustion. This 
research developed high efficiency combustor system for industrial furnace. Objectives 
of this research are to study the performance of combustion system and propose a new 
design of combustor system for industrial furnace. 99.5% of pure zinc was heated in the 
furnace within two hours and the sprue gas went through nanoparticle collector. The 
apparatus involved in this experiment are diesel blower, cooling tower, circulating 
pump, collector tank, furnace, infrared thermometer and thermocouples. All the 
temperatures distribution from the furnace until the nanoparticle collector system is 
measured. The result obtained is collected and there are three samples were provided. 
The smallest particle size obtained from the ZnO is 503.5 ƞm and the largest size is 12.7 
µm. At 300 second highest temperature in the furnace was at channel 6 which is 
1069.52 
o
C while the lowest temperature obtained at channel 16 which is 139.06 °C. 
The proposed design is able to produce zinc oxide but not able to achieve nano size 
particle. The recommendations that can be used for future works are change the nano 
cloth to smaller nano filter and these samples should be test to validate their properties. 
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ABSTRAK 
 
Pada masa kini, terdapat banyak penyelidikan yang berasaskan pembakaran pada suhu 
tinggi. Objektif kajian ini adalah untuk mengkaji prestasi sistem pembakaran dan 
mencadangkan reka bentuk baru sistem pembakaran untuk relau industri. 99.5 % zink 
tulen dipanaskan di dalam relau selama dua jam dan wap yang terhasil disalurkan 
melalui system pengutip zarah nano. Radas-radas yang terlibat dalam eksperimen ini 
adalah penghembus diesel, tangki penyejuk, pam pengedar, tangki pengumpul, relau, 
termometer inframerah dan termogandingan. Semua pengagihan suhundari relau 
sehingga sistem pengumpul zarah nano diukur. Keputusan yang diperoleh dikumpulkan 
dan tiga sampel telah disediakan. Saiz terkecil yang diperoleh dari zink oksida ialah 
503.5 ƞm dan saiz terbesar ialah 12.7 µm. Pada saat ke 300, suhu tertinggi relau terletak 
pada saluran 6 iaitu 1069.52 °C manakala suhu terendah terletak pada saluran 16 iaitu 
139.06 °C. Reka bentuk yang dicadangkan mampu menghasilkan zink oksida tetapi 
tidak berjaya mencapai saiz zarah nano. Cadangan yang boleh digunakan untuk kajian 
akan dating ialah menukar penapis nano kepada saiz yang lebih kecil dan sampel yang 
diperoleh haruslah diuju untuk mengesahkan sifatnya. 
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CHAPTER 1 
 
 
INTRODUCTION 
 
 
1.1 PROJECT BACKGROUND 
This invention is to demonstrate a production of nanoparticle by using low cost 
method. The industrial furnace is used to heat the metal to initiate the formation 
of nanoparticle. This method is found to be very easy, low cost and practical to 
produce of zinc oxide due to low melting temperature of the metal. The heating 
and melting process is conducted at atmospheric temperature and pressure 
without presence of inert gas. 
 
1.2 OBJECTIVES 
 
In this study, there are several objectives that will be fulfilling as follow: 
i. Study the performance of combustion system. 
ii. To analyze and propose a new design of combustor system for industrial 
furnace. 
 
1.3 SCOPES 
 
There are several scopes that must be fulfilling in this research. There are stated 
as follow: 
i. To conduct experimental works of industrial furnace to produce 
nanoparticle. 
ii. Data analysis and report writing. 
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1.4 RESEARCH FLOWCHART 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.1: Research Flow Chart 
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1.5 OUTLINE OF REPORT 
 
 Chapter 1 discussed about the background of the research project. Then the 
objectives and the scopes of this research project were indentified. The process of the 
whole project can be seen through the flow chart and outline of the report is stated all 
the description about the chapter that contain in the report. 
  
From the chapter 2, presents the topic that included in literature review is the 
method of nanoparticle synthesis including combustion method, combustion system, 
ideal design of combustor system and the example of combustor system also can be 
found in this chapter. Furthermore, this chapter also discuss about properties of zinc 
oxide nanoparticle and experimental study of zinc oxide nanoparticle synthesis. 
  
Chapter 3 allocates the research methodology. It begins with the research flow 
chart then followed by preliminary experimental setup and covers on the facilities used 
and method of conducting experiment. 
  
In chapter 4, all the temperature measured from the experimental works is 
shown and it can be understand through the plotted graph. The ZnO powder obtained 
from the combustion also were discussed in this chapter also brief explanation about 
nanoparticle collector system and how to make it. 
  
Moreover, in chapter 5 all the conclusions that being made from the whole 
experimental and research project is discussed. The recommendations about the 
research also were stated to improve the future works. 
  
 
CHAPTER 2 
 
 
LITERATURE REVIEW 
 
 
2.1 INTRODUCTION 
 
Nanotechnology involves the characterization, fabrication and or manipulation 
of structure; devices or materials that have at least one dimension (or contain 
components with at least one dimension) that is approximately 1–100 nm in length. 
When particle size is reduced below this threshold, the resulting material exhibits 
physical and chemical properties that are significantly different from the properties of 
macro scale materials composed of the same substance. Research in the nanotechnology 
field has skyrocketed over the last decade, and already there are numerous companies 
specializing in the fabrication of new forms of nanosized matter, with anticipated 
applications that include medical therapeutics and diagnostics, energy production, 
molecular computing and structural materials. In 2008, nanotechnology demanded over 
$15 billion in worldwide research and development money (public and private) and 
employed over 400,000 researchers across the globe (Richard A. Yetter, et al, 2009) 
 
The application of nanoparticles that can be found is in food packaging. In order 
to protect food from dirt or dust, oxygen, light microorganisms, moisture and variety of 
other destructive or harmful substance, the packaging must be safe, cheap to produce, 
light weight, easy to dispose of or reuse and resistant to physical abuse. In this case, 
most of food manufacturer use polymer nanocomposites to produce food packaging. In 
some applications high barrier to migrations or gas diffusion are undesirable, such as in 
packages for fresh fruit and vegetables whose shelf life is dependent on access to a 
continual supply of oxygen for sustained cellular respiration (Duncan and T. V, 2011). 
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The other example of application in nanoparticles is the use of reinforcing 
agents, opacifiers and pigments also fabrication of optical fibers. The products that 
involve are silica, titania and black carbon. 
 
The requirement to use the furnace which is efficient and clean production is 
able to yield products reduced energy input, raw materials consumption, equipment 
degradation, and liquid, gas and solid wastes. The main characteristics of furnace are 
large amount of energy utilized, the relevance of technological processes occurring in 
that equipment for the final product quality, the significant part of the production time 
spent in these units, the involved thermo physical processes that are complex and the 
difficulty to access and measure the phenomena inside this unit (Nogueira, 1997). 
 
Furnace is a device in which technology released as heat either by consumption 
of fuel or electricity was used the temperature of material for the purpose of modifying 
it or produced new material. Figure 2.1 shows the example of furnace (O. A. Ighodalo, 
2011). 
 
Figure 2.1: Glass melting furnace 
Source: O. Auchet, 2005  
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2.2 TYPES OF FURNACE 
 
There are many types of furnace. Basic function of furnace is provides high 
temperature combustion. The several types of furnaces are blast furnace, aluminium 
melting furnace, bell furnace and forge furnace. 
 
2.2.1 Blast Furnace 
 
Blast furnace is commonly used as smelting to produce industrial molten pig 
iron from iron oxides, coke and flux. The process need continuous flow of air pre-
heated at high temperature which is above 1000 °C. The alternative energy source for 
this process is the sensible heat coming from preheated air. Figure 2.2 show the 
example of blast furnace (S. Jinsheng, 2008). 
 
 
 
Figure 2.2: Blast furnace 
Source: J. A. Ricketts 
 
2.2.2 Aluminium Melting Furnace 
 
This type of furnace is used to produce melting aluminium for industries used 
such as packaging and construction. These furnaces usually have large capacities 
increase up to 110 metric tons of scrap. Furthermore, it used nature gas as fuel to melt 
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large volumes of raw aluminium scrap. Figure 2.3 shows the example of aluminium 
melting furnace (Penmetsa and S. R. Raju, 2004). 
 
 
 
Figure 2.3: Aluminium melting furnace 
Source: Wesmen Group of Companies, India 
 
2.2.3 Bell Furnace 
 
This type of furnace known as bell-type furnace is used for annealing process in 
heat treatment. The bell type annealing cold rolling product with high quality was 
produce. Annealing and hot rolling process is conducted to relieve stress and this 
process is work under high temperature. Figure 2.4 shows the example of bell furnace 
(Zhang X, et al, 2008). 
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Figure 2.4: Bell-type furnace 
Source: Direct Industries 
 
2.2.4 Forge Furnace 
 
Forge furnace is commonly used in forging process for heat treatment. These 
furnaces operated with the temperature range of 200 – 1200 °C. Due to the high 
temperature and uniform heat, this furnace can provide very fast temperature change 
when it is operated. Figure 2.5 shows forge furnace commonly used for forging process 
(S Sheikh, 2008). 
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Figure 2.5: Forge furnace 
Source: Heat Treat Furnace HTF Inc 
 
2.3 PURPOSE OF FURNACE 
 
Furnace always involved with the industry that needed high temperature 
combustion. It commonly help manufacturing industries by provided the certain range 
temperature. The mainly listed purposes of furnace are production iron and steel, 
production of glass, food industry, ceramic process and nanoparticle synthesis. 
 
2.3.1 Production of Iron and Steel 
 
Production of iron and steel is very important to construction packaging 
industries. This process required blast furnace and aluminium melting furnace. Figure 
2.6 shows the schematic diagram of production of iron and steel. Coal or coke has been 
used to assist the molten metal from this process. 
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Figure 2.6: Production of iron and steel  
Source: S Jinsheng, 2008 
 
2.3.2 Production of Glass  
 
The function of furnace in this process is to provide heat to melt the glass. 
Molten glass is easy to be shaped but it is only occur in certain temperature. For glass 
melting process, the raw materials have to be heated continuously. The functions of 
furnace in this process are to supply continuous heat to heat up the raw materials and 
melt it. Figure 2.7 show the example of glass melting furnace process (C. P. Ross and 
G.L. Tincher, 2004). 
 
 
 
Figure 2.7: Process of glass melting  
Source: J.A.Stevenson, 1966 
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2.3.3 Food Industry 
 
 In food technology, the furnace is widely used to provide heat at certain 
temperature. The temperature that commonly being use in food manufacturing is below 
500°C. The temperature used must be not too high to prevent food from burning. 
Moreover, in food manufacturing the furnace noted as clay oven which was used to 
bake pizza and bread also to cook the chicken and meat. Figure 2.8 show the example of 
clay oven. 
 
 
 
Figure 2.8: Clay oven 
Source: S. Brookes, 2010 
 
2.3.4 Ceramic Process 
 
 A study by P. J. Nel and A. Tauber (1970) reported that in ceramic making 
process, the furnace will be used to provide heat at temperature range of 1200 to 1250 
°C. This step will affect the quality of a ceramic depending on the furnace atmosphere 
and heating rage. After the raw material is heat up in furnace it will be go through 
cooling process. The common type of furnace is used in this industry is electric furnace. 
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2.3.5 Nanoparticle Synthesis 
 
 Experimental study by A. Moezzi and A. M. McDonagh (2012) have discuss 
about French method that commonly used in industrial to produce zinc oxide (ZnO). 
This process used high temperature to produce zinc nanoparticle. It is stated that by 
increasing the excess of reactant air (oxygen), the process for ZnO to become quenching 
become faster and finer particles could be produce. This can be achieved by using better 
circulation of air aor forced flow of compress air in combustion zone. The product will 
result in higher specific surface area. Figure 2.9 showed the French process that is 
common used in industry. 
 
 
 
Figure 2.9: French process 
Source: A. Moezzi and A. M. McDonagh, 2012 
 
2.4 FURNACE DESIGN 
The optimization heat transfer process is the design priority of oxy-fuel furnace. 
The cost of fuel has to be balance by the energy efficiency of the oxy-fuel furnace. In 
order to modelling a high efficiency of furnace, a few parameters have to be considered. 
The considered parameters that have give attention are the solution of conservation 
equation for mass, momentum, energy and combustion related to chemical. The 
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combustion model is based on the ideal of single step reaction between the fuel and the 
air (M.Nogueira and M.d.G.Carvelho, 1997). 
 
Table 2.1: Influence of combustion aspect ratio on the furnace performance 
No Aspect ratio(width/length) Efficiency (Wfuel/WLoad) 
1 1.00 0.57 
2 1.16 0.56 
3 1.32 0.54 
 
Table 2.1 shows the effect of the combustion chamber aspect ratio on the 
furnace performance. The aspect ratio of the furnace is determined by the width of the 
furnace divide by length of the combustion chamber. The ideal size of furnace is the 
length and the width of the combustion chamber is same. When aspect ratio is equal to 
1.00, it gives the efficiency of the combustion system 0.57.  
 
The example of the calculation on length and width to get the high efficiency of 
combustion system as state below; 
 
Width = 300mm, length = 300mm      (2.1) 
 
Aspect ratio = 00.1
00.300
00.300

length
width
    (2.2) 
 
Table 2.2: Influence of distance between burner and melt on the furnace performance 
No Burner height (m) Efficiency (Wfuel/WLoad) 
1 0.23 0.57 
2 0.37 0.56 
3 0.51 0.54 
 
